As NMR and susceptiblity were measured in a Ba(Fe1−xCox)2As2 single crystal for x = 6% for various field H values and orientations. The sharpness of the superconducting and magnetic transitions demonstrates a homogeneity of the Co doping x better than ±0.25%. On the nanometer scale, the paramagnetic part of the NMR spectra is found very anisotropic and very narrow for H ab which allows to rule out the interpretation of reference [J. Phys. Soc. Jpn 78, 013711 (2009); Phys. Rev. B 79, R 140506 (2009)] in terms of strong Co induced electronic inhomogeneities. We propose that a distribution of hyperfine couplings and chemical shifts due to the Co effect on its nearest As explains the observed linewidths and relaxations. All these measurements show that Co substitution induces a very homogeneous electronic doping in BaFe2As2, from nano to micrometer lengthscales, on the contrary to the K doping.
Introduction
Iron-based Pnictides display fascinating properties. Not only they show high temperature superconductivity, but they also have a very original phase diagram [1] . At zero doping, the Fe layers are semi-metals, with a commensurate spin density wave magnetic order. Upon carrier doping, the magnetism becomes incommensurate and is strongly reduced in amplitude. At high enough hole or electron doping, it turns into a superconductor with T C as high as 56 K, whose origin is not yet settled. True atomic scale coexistence between the magnetic and superconducting phases may even occur at intermediate doping range [2] . Hole or electron doping is achieved either by changing the composition of the intermediate layers (such as fluor at oxygen site in the LaOFeAs family, or K at Ba site in BaFe 2 As 2 family), or by substitution at Fe site itself, for example by Co in BaFe 2 As 2 [3]. Eventhough all families display similar phase diagrams, many of their properties strongly differ such as the value of T C , the evolution of the magnetism versus doping, or even perhaps the symmetry of the order parameter [4] . It is thus essential to understand the actual role of the dopant on the physics of the Fe layers. In this scope, one may expect that dopants not only change the carrier doping or the band structure, but could also affect the homogeneity of the Fe layer electronic state. Such situation has been widely discussed in high T C cuprate superconductors, where dopant induced disorder is advocated to explain many of the differences observed among cuprate families [5, 6] . In Ba(Fe 1−x Co x ) 2 As 2 pnictides, recent NMR [7] and tunneling [8] studies have argued that electronic properties are inhomogeneous on nanometer scale, possibly due to Co local effects. Inhomogeneity level was estimated from the NMR lineshape analysis to be so high that a Co x = 4% sample would contain a sizeable amount of x = 8% patches. If this were to be true, it would inturn have deep consequences on many properties of these componds, which should then be considered highly inhomogeneous. Situation seems even more inhomogeneous in (Ba 1−x K x )Fe 2 As 2 [9,10]. In the case of Ba(Fe 1−x Co x ) 2 As 2 , it is surprising that such inhomogeneities do not reflect in macroscopic properties, such as the superconducting phase transitions or the Hall number change at the spin density wave transition which are both found very sharp [11] .
In this study, we show for Ba(Fe 1−x Co x ) 2 As 2 that a carefull analysis of the magnetic and superconducting transitions together with 75 As NMR lineshape versus orientation of the applied field all demonstrate unambiguously that these componds are in fact much more homogeneous than previously argued. We propose that all NMR data including those of reference [7] can be accounted for by an anisotropic hyperfine coupling and/or chemical shift distribution due to Co local effect, but this has no impact on the electronic state of the Fe layers.
Experimental
Single crystals synthesis and characterization details are reported in [11] together with transport measurements which allowed to establish the phase diagram of Figure 1a which fits well other studies [3] . Most of this study was done on the sample studied in [2] at Co doping x = 6%, which displays both superconductivity below T C = 21 K and frozen magnetism below T N = 31 K on local scale. The sample consists of a few single crystals aligned in a magnetic field in stycast epoxy along their c cristallographic axis, to get a better signal over noise ratio. This alignement was possible because the orbital component of the total susceptibility is anisotropic. We checked that one single crystal gives the exact same linewidth and spectral shape than the sample of aligned crystals, both in perpendicular and parallel direction with the applied field. Orientation of the sample was performed in-situ taking advantage of the high sensitivity of the NMR line position upon the field orientation. 75 As NMR was performed in a fixed applied magnetic field ranging from 3 to 7.5 T, using standard pulse echo sequences and Fourier Transform recombinations. Short enough delays between pulses (ranging from 10 to 50 μs) were used to avoid any effect of the transverse T 2 relaxation. Longitudinal T 1 relaxation measurements were recorded after a saturation of the signal using a π/2 pulse. Macroscopic susceptibility was measured in a MPMS-SQUID magnetometer in a zero-field cooled procedure, taking into account the demagnetizing factors associated with its thin and rectangular shape [2].
Mesoscopic homogeneity
Both the superconducting and magnetic phase transitions widths allow to constrain the doping distribution in our sample. These transitions are indeed broadened by any inhomogeneous Co doping if it occurs on a lengthscale large enough for the transition temperature to be defined. This kind of inhomogeneity will thus be referred as "mesoscopic inhomogeneity" i.e. on lengthscales larger than a few nanometers. The superconducting transition is monitored by the Meissner effect measured by the magnetization decrease below T C (Fig. 1b) . The magnetic transition is monitored by the intensity wipeout of the NMR central line (Fig. 1c) . Below T N , the spectrum strongly broadens as shown in [2]; the total intensity does not change, but the intensity measured only over a central narrow frequency range decreases sharply at T N . But due to technical reasons, this T-dependence of the central line intensity is a more accurate criterium of the magnetic transition than that of the full width of the spectrum.
